. The antibody tests have been reported to be highly sensitive compared to egg detection, also being able to diagnose ectopic infections. In serological diagnosis of paragonimiasis, crude extracts of the adult worms have widely been used (Cho et al., 1981; Slemenda et al., 1989; Kong et al., 1998) . A partially purified or a recombinant cysteine protease has recently appeared to have high reliability in diagnosing active paragonimiasis (Ikeda et al., 1996; Ikeda, 1998a Ikeda, , 1998b Yun et al., 2000) . The crude extracts of adult worms can diagnose wide clinical spectrum of the paragonimiasis. However, as a specific diagnostic antigen, the crude extract has not well been studied, especially regarding its cross-reactivity with other parasitic diseases.
As for the serological follow-up study to identify the cure criteria for paragonimiasis, observing that the antibody reactions by complement fixation test or by enzyme-linked immunosorbent assay (ELISA) has reported the return of specific antibody levels to negative ranges within 7 months after specific treatment (Yokogawa, 1965; Knobloch et al., 1984) . Cho et al. (1989) , also, showed that the antibody reactions studied by ELISA converted to negative range in a variable period from 4 to 28 months with or without temporary elevations in 2-6 months after praziquantel treatment. We have experienced some cases, however, in which the antibody levels did not return to negative ranges even after the presumably successful treatment although the overall antibody levels gradually decreased. Such examples suggested that the existing covert paragonimiasis lesions might provoke the persistent antibody responses by continuously releasing small dose of antigenic materials. The first candidate of antigenic source is the eggs because they do not resolve by drug treatment.
In the present study, we observed whether the eggs of P. westermani are main causes of persisting antibody levels in some cured cases of paragonimiasis. For the purpose, several different antigens prepared from eggs, metacercariae, juveniles, adult and recombinant cruzipain-like cysteine protease of adult P. westermani (rPw28CCP) were used to examine their capability of antibody recognition in a variety of human clinical paragonimiasis including follow-up cases.
MATERIALS AND METHODS

Preparation of different antigens of
Paragonimus westermani
The crude extracts of different developmental stages of P. westermani including newly excysted metacercariae, 4-and 7-week old juveniles, 16-week old adults, and eggs were prepared as described previously Kang et al., 1995; Kong et al., 1998) . In brief, the metacercariae were collected from naturally infected crayfish, Cambaroides similis. They were excysted using 5 mM dithiothreitol (DTT, Sigma) at 37°C in Tris-HCl buffer (0.1 M, pH 8.0). Four-week old worms were harvested from the peritoneal, thoracic and pleural cavities of infected cats. The 7-week old juvenile and adult worms were collected from the lungs of infected dogs. Eggs were obtained by incubating the adult worms in physiological saline at 37°C in CO 2 incubator overnight. They were homogenized with a teflon-pestle tissue homogenizer in physiological saline, after which the homogenates were centrifuged twice at 700 g for 5 min followed by 20,000 g for 1 hr. Resulting supernatants were used as crude extracts of eggs and worms of different age. All procedures for protein extraction were carried out at 4°C unless otherwise specified.
A recombinant protein of the 28 kDa cruzipain-like cysteine protease of adult P. westermani (rPw28CCP) was expressed bacterially as described elsewhere (Yun et al., 2000) . In brief, a 642-bp mature protein domain was amplified by polymerase chain reaction with gene specific primers 5′ -AGCTCATATGGCCCCGGCAAGTGTTGACTG-3′ and 5′ -GAAGTCTCGAGTTAGTGAATGATGGCG G-3′ , incorporating NdeI and XhoI site (underlined sequence each) to aid the purification. The recombinant plasmid was inserted to pET28a (+) E. coli expression vector. The fidelity of expression was confirmed by DNA sequencing. Upon induction with 0.1 mM isopropylthiol-β-D-galactoside, the cells were harvested and lysed using TE buffer containing 10 µg/ml of lysozyme. The recombinant protein expressed at a high level as inclusion bodies was dissolved by 6 M urea. The protein was purified by His-Bind metal chelation resin (Novagen, Madison, WI, USA). Urea was removed by stepwise dialysis in the presence of 2 mM DTT. The protein migrated at 27 kDa as described elsewhere (Yun et al., 2000) .
All the antigenic materials prepared was stored at -70°C or in liquid nitrogen until use.
Serum and cerebrospinal fluid (CSF) samples used Sera from cases with active paragonimiasis:
A total of 16 sera from paragonimiasis patients who complained of cough, hemoptysis, chest/ pleuritic pain and/or sputum were selected from our sera bank. They were diagnosed by positive antibody reaction to enzyme-linked immunosorbent assay (ELISA) together with typical findings of high resolution chest CT (Im et al., 1992 (Im et al., , 1993 , or by egg detection.
Sera and CSFs of cerebral paragonimiasis patients:
The sera and CSFs from cases with chronic cerebral paragonimiasis patients who showed typical neuroimaging findings in their brain CT/MR (Cha et al., 1994; Nomura et al., 1999) together with positive antibody reactions in ELISA performed with their sera and CSFs were subjected to the test. Their chief complaints included headache, seizure, hemiparesis, focal neurological deficit and/or mental impairment. From 22 cases with chronic calcified cerebral paragonimiasis, 22 serum samples and 13 CSFs were collected and used in this study. The sera and CSFs were stored at -70°C until use.
Patient sera from follow-up examinations: A total of 98 sera from 19 patients, who had been followed-up after praziquantel treatment, was included to the test to observe the changing patterns of the specific antibodies in their sera. Follow-up period varied from 5 to 34 months.
Enzyme linked immunosorbent assay (ELISA)
The specific IgG antibody levels in sera/ CSFs from the patients were detected by micro-ELISA as described elsewhere (Cho et al., 1981) . In brief, each antigen (200 µl, protein contents 2.5 µg/ml) was coated overnight at 4°C in microtiter plate (Costar, Cambridge, CA, USA). The sera diluted at 1:100 and neat CSFs were also incubated for 2 hr at 37°C. Peroxidase conjugated anti-human IgG (heavy-and light-chain specific, Cappel, West Chester, PA, USA) was diluted at 1:1,000 and incubated further for 2 hr at 37°C. Color reaction was developed by o-phenylene diamine chromogen (Sigma). The absorbance was read at 490 nm. Absorbance (abs) at 0.25 was used as the positive criteria in both serum and CSF (Cho et al., 1981) .
Immunoprecipitation and immunoblot analysis
Patient sera (20 µl) were reacted with preactivated Pansorbin (20 µl, Calbiochem, San Diego, CA, USA) for 2 hr at 4°C. The adult extract (30 µl) was added and further incubated for 2 hr at 4°C. The immune complex was washed with PBS/T for 5 times by pelleting at 15,000 g for 5 min prior to subject to SDS-polycrylamide gel electrophoresis (PAGE). The proteins resolved by SDS-PAGE were further processed with immunoblot . The pooled serum of 10 cases with active paragonimiasis or monoclonal antibody (mAb) specific to egg protein, diluted at 1:200 and 1:100, respectively, was incubated overnight as primary antibody. Peroxidase-conjugated antihuman IgG (heavy-and light-chain specific, Cappel) or peroxidase-conjugated anti-mouse IgG (whole molecule, Cappel) was reacted for over 4 hr at 1:1,000 dilution. Blots were developed by 4-chloro-1-naphthol chromogen (Sigma). To characterize the mAb generated, immunoblot was carried out essentially as described above.
Generation and characterization of monoclonal antibody (mAb) specific to egg protein
A total of 5 BALB/c mice was immunized 3 times with the adult worm extract mixed with Freund adjuvant (Sigma) as previously described (Kang et al., 1991) . Murine splenocytes were hybridized with SP2/0 plasmacytoma cell in the presence of 50% poly-egg protein disappeared after 8 months posttreatment. Fig. 3C exhibited another pattern of declining antibody levels as assessed by immunoblot. The sera used in this experiment were the same sera used in Fig. 3A . Reactions at 35 and 32 kDa in both 7-week old and adult worms faded out shortly after treatment in 15 months (lanes a-d, panels 7 and 16). Antibody recognition by the rPw28CCP also diminished promptly within 11 months post-treatment (panel rec). On the while, antibody reactions against 27 kDa of the egg extract persisted throughout the observation period of 23 months while those against 94 and 46 kDa disappeared in 10 months post-treatment (lanes a-d, panels 16 and egg). When the follow-up sera from other patients were subjected to immunoprecipitation with the adult extract and probed with a pooled serum of 10 cases of active pulmonary paragonimiasis, specific epitopes at 94, 46 and 27 kDa were recognized (Fig. 3D) . As absorbance decreased, immunoreactions against 94 and 46 kDa proteins became fainter and disappeared on 10 months after treatment; however, reactions at 27 kDa band persisted throughout the follow-up period of 34 months.
DISCUSSION
One of the critical aspects of the antibody test lies in its antigenic preparation because the antibody formation in mature B cells is induced by a variety of antigenic challenges released by the worm (Garraud et al., 1997) . Therefore, composition and antigenicity of soluble proteins in the diagnostic antigen may critically affect the detection of various polyclonal antibodies circulating in the patient sera.
When the antigenic properties of several different preparations of P. westermani were compared, serum and CSF samples from patients with active pulmonary or chronic cerebral paragonimiasis exhibited significantly high antibody levels to all antigenic preparations except for the metacercarial extract. Low levels of specific antibody against the metacercarial extract may be due to the rarity of antigenic materials as shown in Fig.   1 , in which specific antibodies reacted with only a few protein components (Kong et al., , 1998 even in the same protein concentrations. The crude extract of 4-week old juveniles showed the highest antibody levels in both active and chronic paragonimiasis by ELISA. However, it showed cross reactions with sera from other parasitic infections (Kong et al., 1998) which suggested that this antigenic preparation was not applicable for the diagnosis in terms of specificity. Therefore, it seems to be reasonable that detection of 35 and 32 kDa either in 7-week worm or in adult extract would be a serological indicator for active paragonimiasis together with detection of rPw28CCP as shown in previous and present studies (Kong et al., 1998; Yun et al., 2000) .
Monitoring the patients after specific treatment is important not only for the establishment of appropriate management of the patients but also for the proper evaluation of drug efficacy and for the detection of possible hidden lesions, especially in tissue invading helminth infections. However, there are several reports in which different outcomes have been described after treatment as far as the results of serological follow-up are concerned. In fascioliasis, for example, specific antibody levels in the patient sera returned mostly to their negative ranges between 6 and 12 months after successful treatment, whereas treatment-failure cases exhibited persistent antibody reactions (Apt et al., 1995) . Serum levels of the specific IgG and IgM antibodies against both adult and egg extracts were reported to persist during the follow-up period of two years in Schistosoma mansoni infection (Rabello et al., 1997) whereas others described that the antibody responses against egg protein turned to negative range within the follow-up of one year (Noya et al., 1995) . These discrepant findings may be lie on the fact that the observation period is not long enough to allow full serological profiles, especially those involving post-treatment. In addition, pathologic conditions associated with egg deposition in the tissues may give rise to these complex results in both schistosomiasis and fascioliasis.
In the present study of serological follow-up after treatment, one group of patients showed the patterns of declining antibody levels as previously described (Cho et al., 1989) . Their antibody levels declined in relatively short period. In these cases, antibodies recognizing the 35 and 32 kDa in adult and in 7-week worms and the 27 kDa of egg protein tended to fall below the positive criterion shortly after the treatment as analyzed by both immunoblot and immunoprecipitation. Reaction to the rPw28CCP also disappeared rapidly. However, in another group of paragonimiasis patients, the antibody levels persisted throughout the prolonged period. In these cases, antibody levels reacting to the egg proteins were the highest without an exception. As shown in Fig.  3B and 3D, sera from these patients showed that egg specific protein at 27 kDa persisted throughout the observation period whereas the antigenic proteins other than egg proteins such as 35 and 32 kDa disappeared earlier.
The reaction against rPw28CCP also disappeared rapidly. Taken together, we concluded that the persisting high antibody levels after the specific treatment would be caused by continuous sensitization of primed B cells by egg proteins. Some paragonimiasis patients treated with praziquantel may retain egg granulomas which are not resolved by the treatment and may provoke the persistent antibody reactions. The present results raise a question concerning the specificity of the antibody tests in the diagnosis of paragonimiasis. If we define paragonimiasis as the patients infected with living worms only, the serum levels of persisting antibodies after specific treatment reflect lowered specificity, because egg granuloma in human paragonimiasis are subjects of surgical removal but not of chemotherapy. In this clinical settingof egg granulonma, we would prefer negative results in the antibody tests in view of chemotherapy. On the other hand, if we define specificity of the antibody test as differentiating paragonimiasis from other causes of lung or brain diseases including cancer, tuberculosis, fungus ball and bacterial infections, the high antibody levels in patients with ectopic egg granuloma may also be informative. For example, in chronic cerebral paragonimiasis, high levels of specific antibodies are helpful in differentiating brain lesions from other causes of space occupying lesions. In this respect, egg antigen is a unique component in the diagnosis of a wide clinical spectrum of human paragoni-miasis.
In conclusion, persisting antibody reaction in paragonimiasis after successful treatment is caused by continuous antigenic challenge from egg granuloma. It also suggests that differential antibody tests simultaneously employing several antigenic preparations such as eggs, metacercariae, adults and rPw28CCP in paragonimiasis can differentiate active cases from chronic or other causes of infectious lung granuloma.
